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学位論文内容の要旨 
A large variety of wet by-products are produced by the agriculture-base, food, and beverage industries. 
Although animal husbandry has successfully made use of these by-products as ingredients of animal feed, thermal drying 
requires huge cost and fuel energy; hence, wet by-products are often preserved under anaerobic fermentation in silos. 
During the natural ensiling process, the epiphytic lactic acid bacteria (LAB) of pre-ensiled materials play important roles 
in the acidification of silages, resulting in inhibition the growth of undesirable microorganisms. When a silo is opened, 
however, anaerobic conditions are no longer maintained, and aerobic microbes have the opportunity to grow. Therefore, 
secured aerobic stability of silages can confer a substantial advantage to farmers and consumers. In this dissertation, 
three experiments were carried out to examine the dynamics of bacterial and fungal microbiota associated with soybean 
curd residue, total mixed ration, and whole crop corn ensiling. 
In the first experiment, ensiling of wet soybean curd residue (SCR), a wet by-product generated during tofu 
processing, was examined. Laboratory-scale silos were prepared using wet soybean curd residue (SCR) obtained from 
two tofu factories (F1 and F2) mixed with or without added beet pulp (BP). Sealing was performed on the day of tofu 
production (prompt sealing [PS]) or 2 days after SCR was piled and unprocessed (delayed sealing [DS]). In PS silage, 
the abundances of typical lactic acid-producing bacteria, such as Lactobacillus spp., Pediococcus spp., and 
Streptococcus spp. reached >50%. In DS silage, Acinetobacter spp. were the most abundant in F1 products, whereas 
Bacillus spp. were the most abundant in long-stored F2 products. The fungal microbiota were highly diverse. Although 
Candida spp., Aspergillus spp., Cladosporium spp., Hannaella spp., and Wallemia spp. were found to be the most 
abundant fungal microbiota, no specific genera were associated with factory, sealing time, or fermentation products. 
In the second experiment, the effect of different ambient temperatures on bacterial and fungal dynamics of total 
mixed ration (TMR) silage was examined. Two types of practical TMR mixture with different ingredients formulation 
were obtained from a feed company and stored for 14 and 60 days at temperatures of 10oC, 25oC, room (RT), and 40oC. 
Regardless of the storage period, all TMR silages had lactic acid as the predominant fermentation product and exhibited 
acceptable aerobic stability after silo opening. The abundance of Lactobacillus spp. increased regardless of storage 
period and temperature. In 40oC-stored TMR silages, the abundance of Lactobacillus spp. decreased and those of 
Aneurinibacillus spp., Bacillus spp., and Brevibacillus spp. increased to as high as 40%. A large number of fungal genera 
were detected at >1% level. Diutina spp. were the most abundant (>30%) fungi in pre-ensiled TMR mixtures. Aspergillus 
spp. and Vishniacozyma spp. were the second most in pre-ensiled TMRs. Regardless of storage period and temperature, 
Kazachstania spp. were the most abundant fungi in TMR silages. The findings that typical spoilage genera such as 
Candida spp., Saccharomyces spp., and Kluyveromyces spp. were kept suppressed over the ensiling may account for 
high aerobic stability of TMR silage. 
In third experiment, the potential of LAB species isolated from TMR silage was examined. Using the cultures 
of L. buchneri, L. casei, L. farciminis, L. parafarraginis, L. paralimentarius, L. plantarum, B. subtilis, and B. coagulans 
isolates, inoculation experiment was carried out using whole crop corn silage. Hetero-fermentative LAB species were 
effective to inhibit deterioration after silo opening and the ability of L. parafarraginis was shown greater than that of L. 
buchneri. The association of multiple LAB species that have significant inhibitory activities may contribute substantial 
resistance of TMR silage on exposure to air.  
From three experiments conducted in this study, the dynamics of bacterial and fungal microbiota associated 
with wet by-products ensiling has been clarified and several LAB species have been shown as new additions to silage 
LAB inoculants. Major findings in this study may contribute greatly to improved utilization of wet by-products in 


















ロップへの添加試験を行った。L. buchneri，L. parafarraginis，L. paralimentariusといった複数のLactobacillusが
好気的変敗を抑制する効果を示し，これらが相加・相乗的に作用して発酵TMRの貯蔵性を高めていると考えら
れた。 
これらの結果は，食品及び醸造副産物の発酵貯蔵に関わる微生物叢が牧草類とは大きく異なることを意味し
ており，牧草類の貯蔵に広く応用できる微生物の分離源となりうることも示している。得られ知見及び成果は
関連分野で十分な新規性及びオリジナリティがあるものと評価されており，WALI Ajmal氏は環境生命科学研
究科の博士（農学）の学位を受ける資格があるものと判断した。 
